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Multiple sclerosisAbstract Objective: The aim of this study was to evaluate the value of double inversion recovery
(DIR) magnetic resonance (MR) sequence in the detection of brain cortical and white matter lesions
in multiple sclerosis (MS).
Patients and methods: Fifteen patients with remitting relapsing MS were included in this study.
Imaging was performed on a 1.T MR system using DIR, ﬂuid-attenuated inversion-recovery
(FLAIR), and T2-weighted image (T2WI) sequences. The sensitivity of DIR was compared with
the corresponding sensitivity of FLAIR and T2WI sequences. The contrast between lesions and
normal-appearing gray matter (NAGM), normal-appearing white matter (NAWM), and cerebro-
spinal ﬂuid (CSF) was determined for all sequences.
Results: DIR showed signiﬁcantly more MS lesion load overall when compared to T2WI or
FLAIR. Signiﬁcantly higher number of lesions was seen in the supra- and infratentorial locations.
DIR detected higher periventricular white matter lesions when compared to FLAIR, but did not
detect signiﬁcantly higher lesions when compared to T2WI. Signiﬁcantly higher deep white matter,
juxtacortical, and intracortical lesions were seen on DIR when compared to both T2WI and
FLAIR. The image contrast measurements between the MS lesions and the NAWM in all anatom-
ical locations were signiﬁcantly higher in DIR sequence compared to both T2WI and FLAIR
sequences. However, there was no signiﬁcant statistical difference between the DIR and both
T2WI and FLAIR sequences regarding the contrast of intracortical lesions compared to NAGM.
1194 A.M. Elnekeidy et al.Conclusion: DIR sequence is valuable in the imaging workup of MS as it can detect more MS
lesions compared to the T2W and FLAIR sequences in all anatomical locations. DIR showed better
delineation between the white matter, gray matter, and the MS lesions due to its high image con-
trast. DIR sequence should be included in the routine MR protocol of MS patients especially to
answer the question about intra-cortical and juxta-cortical MS lesions.
 2014 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier
Open access under CC BY-NC-ND license.Table 1 MRI sequence parameters.
Parameter DIR FLAIR T2WI
Repetition time (ms) 1100 6000 4000
Echo time (ms) 20 120 100
Inversion time (ms) 3400/325a 2000 –
Slice thickness (mm) 5 5 5
Field of view (mm) 230 230 230
Matrix 256 256 256
Voxel size 0.9 0.9 0.9
Number of signal averaging (NSA) 2 2 2
DIR: Double inversion recovery, FLAIR: Fluid-attenuated inver-
sion recovery, T2WI: T2-weighted images.
a The long inversion time TI1 (3400 ms) is deﬁned as the interval
between the ﬁrst 180 inversion pulse and the 90 excitation pulse.
The short inversion time TI2 (325 ms) is deﬁned as the interval
between the second 180 inversion pulse and the 90 excitation
pulse.1. Introduction
Multiple sclerosis (MS) is a demyelinating disease of the
central nervous system (CNS) and is the most common cause
of neurological disability in young individuals all over the
world, representing about 1.14% of the reported neurological
diseases (1–3). The disease typically affects the periventricular
white matter (WM), calloso-septal interface, as well as the cer-
ebellum, brainstem, and basal ganglia. Histopathologic studies
have shown that a considerable portion of the total cerebral
lesion load in MS is located within the cerebral cortex or at
the gray/white matter interface (4). Both WM and gray matter
(GM) lesions are linked to cognitive performance and the
number of lesions detected by magnetic resonance imaging
(MRI) is widely used as a marker for assessing the disease
activity (5). The presence of at least one cortical lesion at clin-
ically isolated syndrome onset can identify patients at risk of
conversion to clinically deﬁnite MS and has been proposed
as an added diagnostic criterion for MS (6,7).
Routine MRI techniques are considered suboptimal for
detecting the cortical lesions in MS (8). Previous studies have
reported increased cortical and/or subcortical lesion detection
by using two-dimensional and three-dimensional ﬂuid-attenu-
ated inversion-recovery (FLAIR) sequence; however, the exact
anatomical border between the cortex and subcortical WM
may be hard to determine on the FLAIR images, creating dif-
ﬁculties in judging whether lesions are juxtacortical, mixed
WM GM, or intracortical (9).
A more recently established double inversion recovery
(DIR) imaging technique, using a combination of two inver-
sion pulses, provides sufﬁcient attenuation of both cerebrospi-
nal ﬂuid (CSF) and the normal-appearing WM (NAWM).
Different studies focused on the applications of DIR sequence
in clinical neuroimaging, including vascular, infectious, neo-
plastic, and inﬂammatory CNS diseases (10–12).
We noticed that DIR is not used routinely in imaging of
MS in many imaging centers. This motivated us to conduct
this study to highlight the importance of this sequence.
2. Aim of the work
The aim of this study was to evaluate the utility of DIR MR
sequence in the detection of the cortical and WM lesions in
MS and compare its sensitivity to those of T2 and FLAIR
sequences.
3. Patients and methods
Fifteen patients with relapsing remitting multiple sclerosis
(RRMS) according to the McDonald criteria (13) wereincluded in the study, comprising 7 males and 8 females of
age ranging from 9 to 47 years (a mean age of 26 years).
Patients suffering from concomitant neurological disease in
conjunction with MS were excluded. Ten patients were in
remission and ﬁve patients were in relapse. Of the 15
patients, 6 presented with visual disturbance, 5 with general
fatigue, 3 with muscle weakness, and 1 patient presented with
paresthesia. The ethics committee review board approved the
study protocol and all patients gave written informed
consent.
3.1. MR imaging
Brain MRI was performed with a 1.5 T machine (Gyroscan
Intera, Philips Medical system, Best, The Netherlands) using
a standard quadrature head coil. Axial T2-weighted image
(T2WI), FLAIR, and DIR sequences were obtained. No
post-contrast acquisitions were performed. The parameters
of these sequences are summarized in Table 1.
To perform DIR sequence, two different inversion pulses
were applied (TI1 and TI2), representing intervals between
the 180 inversion pulse and the 90 excitation pulse. So, they
were separated by TI1-TI2 and calculated according to the for-
mula given by Turetschek et al. (12). Considering that the DIR
has two inversion times, the ﬁrst inversion time has to be pro-
longed compared to the TI in the FLAIR sequence to provide
better CSF signal nulling (10).
The contiguous axial sections of the T2WI, FLAIR, and
DIR sequences were performed with identical anatomical
position, geometric, and resolution parameters (Table 1).
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MS lesions were identiﬁed as foci of high signal intensity with a
size of P2 mm. These lesions were counted in each of the 3
sequences separately and classiﬁed according to their location
into (A) infratentorial lesions, (B) WM lesions; including (a)
periventricular lesions (touching the lateral ventricles), (b)
deep WM lesions (in the deep WM) and (c) juxtacortical
WM lesions (in the WM but abutting the cortex), and ﬁnally
(C) intracortical lesions (ICLs) (10).
Then for each lesion the contrast ratios were measured in
each of the 3 sequences separately. Contrast ratios were
deﬁned as (SI1  SI2)/(SI1 + SI2), where SI1 is the signal
intensity of the lesions and SI2 is the signal intensity of the nor-
mal-appearing white matter (NAWM), normal-appearing gray
matter (NAGM), or CSF.
The contrast ratios were determined from the mean values
of contrast for the lesions compared to NAGM, NAWM and
CSF respectively, using the region of interest (ROI) analysis
which had a mean size of 3 mm2. The contrast of the NAWM
was performed separately in the infratentorial, periventricular,
juxtacortical, and deep WM regions (10).
3.3. Statistical analysis
The analysis of the lesions on the different pulse sequences was
performed in reference to the lesions. The number of lesions
was expressed as range and mean ± standard deviation. The
statistical differences in both analyses were assessed using the
Wilcoxon test for matched pairs. The relative comparison of
the number of lesions on the DIR sequence versus FLAIR
and T2W sequences, respectively, was expressed as percentage
gain or loss in the number of detected brain lesions. Wilcoxon
test for matched pairs was used to assess contrast differences
between the three sequences by the SPSS software package
(SPSS, Chicago, IL, USA). P values 60.05 were consideredTable 2 Analysis of the mean lesion load measurement and relativ
Region DIRa FLAIRa T2WIa
Infratentorial 8.21 ± 9.99 2.07 ± 3.41 5.50 ± 7.44
(4.0)b (0.50)b (2.0)b
Periventricular 19.21 ± 22.01 16.79 ± 18.90 18.71 ± 21.93
(13.50)b (12.0)b (12.50)b
DWM 22.64 ± 29.84 18.43 ± 24.09 19.71 ± 26.51
(15.0)b (11.50)b (12.0)b
Juxtacortical 22.0 ± 39.58 17.36 ± 33.47 19.50 ± 37.63
(9.50)b (7.0)b (7.0)b
ICLs 6.57 ± 7.44 2.86 ± 3.88 4.50 ± 5.76
(5.0)b (2.0)b (3.0)b
Total 82.57 ± 90.71 59.83 ± 70.02 71.50 ± 81.96
(44.0)b (35.50)b (35.50)b
DIR: Double inversion recovery, FLAIR: Fluid-attenuated inversion rec
a Data are mean number of detected lesions ± standard deviation.
b Median number of detected lesions.
c Data are relative differences in the number of detected lesions expres
compared with the corresponding FLAIR and T2WI.
d P value was obtained from the patient-wise analysis by Wilcoxon anal
higher lesion load measurement with DIR imaging in comparison with thas statistically signiﬁcant. The number of lesions was expressed
as mean ± standard deviation and median. The relative com-
parison of the number of lesions on DIR versus FLAIR and
T2WI, respectively, was expressed as percentage gain or loss
in the number of detected brain lesions (10).4. Results
The T2W sequences revealed 312 lesions representing the over-
all load measurement (the total number of lesions in all cases),
while the FLAIR sequence revealed 267 lesions and DIR
sequence revealed 349 lesions. (Table 2).
DIR sequence was signiﬁcantly superior to T2 (P= 0.002
with a relative ratio of 22%) and FLAIR (P= 0.001 with a
relative ratio of 50%) sequences regarding the overall load
measurement sequence (Fig. 1).
DIR sequences were signiﬁcantly superior to T2 (P= 0.005
with a relative ratio of 53%) and FLAIR (P= 0.001 with a
relative ratio of 63%) sequences in depicting the infratentorial
lesions (Figs. 1 and 2).
Also DIR sequences signiﬁcantly showed more number of
lesions in the supratentorial regions when compared with T2
sequences (P= 0.001 with a relative ratio of about 18%)
and FLAIR sequences (P= 0.001 with a relative ratio of
34%) (Fig. 1).
The lesions were further categorized according to their ana-
tomical location into (A) WM lesions (peri-ventricular WM,
deep WM and juxtacortical WM) and (B) ICLs. DIR
sequences were superior to T2 WM and FLAIR sequence in
lesion detection in all these locations as detailed in the follow-
ing few paragraphs;
DIR sequences showed signiﬁcantly more peri-ventricular
WM lesions when compared to the FLAIR sequence
(P= 0.038 with a relative ratio of 16%), but there was no
signiﬁcant difference in lesion detection when compared to
the T2W sequence (P= 0.322).e comparisons of DIR versus the FLAIR and T2WI sequences.
Relative ratio (%)c
DIR/FLAIR (%) P valued DIR/T2WI (%) P valued
163 0.001 53 0.005
16 0.038 6 0.322
22 0.003 15 0.012
34 0.002 40 0.002
99 0.003 46 0.003
50 0.001 22 0.002
overy; T2WI: T2-weighted images.
sed as the percentage of lesion numbers identiﬁed with DIR imaging
ysis for matched pairs, indicating that more or fewer patients showed
e corresponding FLAIR or T2WI (statistically signiﬁcance <0.005).
Fig. 1 Analysis of the lesion load detection by DIR, FLAIR,
and T2WI according to the total number of lesions in the
infratentorial compartment, supratentorial compartment, and in
both compartments. DIR revealed more lesions in all locations.
Fig. 3 Analysis of white matter lesion detection by DIR, T2WI,
and FLAIR according to their anatomical site (periventricular,
deep white matter, and juxtacortical). DIR revealed more lesions
in all locations.
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lesions when compared to the T2W sequence (P= 0.012 with
a relative ratio of 15%) and FLAIR sequence (P= 0.003 with
a relative ratio of 22%).
DIR sequences showed signiﬁcantly more juxtacortical
lesions when compared to the T2W sequence (P= 0.002 with
a relative ratio of 34%) and the FLAIR sequence (P= 0.002
with a relative ratio of 40%). (Figs. 3 and 4).
DIR sequences clarify signiﬁcantly more ICLs when com-
pared to the T2W and FLAIR sequences (P= 0.003 with a
relative ratio of 46% for T2WI and P= 0.003 with a relative
ratio of 99% for FLAIR) (Figs. 5 and 6).Fig. 2 (A) T2, (B) DIR, and (C) FLAIR axial brain sections in a fe
blurring of vision and ataxia and was diagnosed as having RRMS. D
contrast than T2WI.Table 3 demonstrates the contrast measurements of DIR,
FLAIR, and T2W sequence in all patients. The contrast
between the white matter lesions and the NAWM was signiﬁ-
cantly higher in DIR images compared to the corresponding
T2WI and FLAIR images in the infratentorial, periventricular,
and deep WM regions (P= 0.001).
The contrast of the juxtacortical lesions was signiﬁcantly
higher in DIR compared to T2WI and FLAIR sequences
(P= 0.011 and 0.001, respectively).
The contrast between the lesions and CSF was signiﬁcantly
higher in DIR images compared to T2WI (P= 0.001). Also it
was higher in DIR imaging compared to FLAIR sequence, but
without statistical signiﬁcance (P= 0.529).male patient aged 20 years, who presented with the complaints of
IR revealed more right cerebellar MS lesions (arrow) with high
Fig. 4 A female patient aged 19 years presented with blurring of vision and was as diagnosed as having RRMS. Supratentorial axial
DIR (B) showed better anatomical delineation between the juxtacortical (white arrows), deep white matter, and cortical lesions (black
arrow), compared to T2 (A) and FLAIR (C) images.
Fig. 5 Analysis of the intracortical lesion detection by DIR,
T2WI, and FLAIR. DIR detected more lesions in all locations.
Fig. 6 A female patient aged 30 years with RRMS presenting with gen
lesions (arrowheads) and cortical lesion (arrow) compared to theT2 (A
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lesions and the NAGM, when compared to the FLAIR and
T2W sequences; still these measurements were below statistical
signiﬁcance (P= 0.064, and 0.925, respectively).
5. Discussion
MS has classically been described as a WM disorder; however,
over the past years, an increasing body of evidence has pointed
toward the involvement of GM in the pathophysiology of MS
(8,14–17). The acknowledgment of GM involvement in the dis-
ease has led to the incorporation of juxtacortical lesions in the
recent diagnostic criteria for MS (18) as well as increased inter-
est in the role of NAGM damage in determining cognition and
disability (19,20).
This study was based on objective measurements of the con-
trast to avoid subjective data provided by visual assessment,eralized fatigue on follow-up. DIR (B) revealed more juxtacortical
) and FLAIR (C) sequences.
Table 3 Image contrast measurement of DIR, T2WI, and FLAIR.
Image contrast
DIR T2WI P FLAIR P
Lesion/NAWM
Infratentorial 0.68 ± 0.23 0.14 ± 0.09 0.001a 0.12 ± 0.22 0.001a
Periventricular 0.75 ± 0.15 0.24 ± 0.10 0.001a 0.16 ± 0.04 0.001a
DWM 0.69 ± 0.17 0.20 ± 0.04 0.001a 0.16 ± 0.04 0.001a
Juxtacortical 0.74 ± 0.10 0.46 ± 0.98 0.011a 0.15 ± 0.06 0.001a
Lesion/NAGM 0.13 ± 0.08 0.14 ± 0.10 0.925 0.09 ± 0.06 0.064
Lesion/CSF 0.76 ± 0.22 0.20 ± 0.11 0.001a 0.69 ± 0.30 0.529
P value for Wilcoxon signed ranks test between DIR vs. T2WI and DIR vs. FLAIR.
a Statistically signiﬁcant at P 6 0.05.
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monitor brightness, and contrast.
In the current study, DIR sequences signiﬁcantly detected
more overall load of lesions compared to the T2W and FLAIR
sequences. DIR sequences also revealed more infratentorial
lesions compared to the T2W sequence. T2WI is considered
more sensitive than FLAIR in detecting infratentorial lesions
due to more posterior fossa artifacts in FLAIR images.
DIR sequence similarly detected more supratentorial WM
lesions in the periventricular WM, deep WM, and juxtacortical
regions, compared to the FLAIR sequence which was consid-
ered the gold standard in this region, matching the data
reported by Geurts et al. (20), Wattjes et al. (10), De Graaf
et al. (21), and Moraal et al. (22).
ICLs were detected in about 86% of the patients included in
the current study. ICLs are more frequent at later stages of the
disease; however, they may also be encountered earlier. ICLs
are signiﬁcantly more evident in patients with pronounced
brain tissue damage and they corroborate well with clinical dis-
ability (1).
DIR sequences revealed more ICLs compared to both T2W
and FLAIR sequences in the present study. Different studies
emphasized the greater beneﬁt of DIR sequence in the detec-
tion of pure ICLs, compared to the T2W and FLAIR
sequences, which is explained by the better contrast between
lesions and the surrounding GM in the DIR images. This is
explained by the slight attenuation of the signal of cerebral
cortex in the DIR images and the better distinction between
pure cortical and juxtacortical lesions (20,23–25).
Recently, the use of 3D-DIR sequence increased the sensi-
tivity for ICL detection, which could improve the clinico-
radiological correlations, as lesions in the GM could substan-
tially contribute to clinical disability (22). 3D-DIR on 1.5 T
magnets showed increased cortical lesion detection over
2D-DIR. However, at higher ﬁeld strengths like 7 T and 3 T,
the 2D-DIR sequence showed advantage over the 3D-DIR
sequence as the acquisition of 3D-DIR at high ﬁeld strength
is challenging because of the long acquisition time (21,26).
3D sequences, especially 3D-DIR and 3D-FLAIR
sequences, improve the detection of MS brain lesions com-
pared to 2D sequences due to the signal and contrast proper-
ties of the 3D sequences, (22) but we should consider that
many of the 1.5 T MRI systems available in many centers in
our country are still not upgraded to provide 3D-FLAIR
and 3D-DIR sequences. So in the current study, we compared
2D-T2 and 2-D FLAIR, with 2-D DIR sequences utilizing thesame slice thickness, voxel size, and matrix, and we believe that
the results will be of practical signiﬁcance.
Calabrese et al. (1) studied 380 patients with clinically iso-
lated syndrome, RRMS, and secondary progressive multiple
sclerosis (SPMS), as well as 40 age- and sex-matched healthy
volunteers using 2D-DIR sequences on a 1.5-T MRI system,
aiming to assess ICLs in MS patients with correlation to the
stage of the disease and clinical disability. They concluded that
although more frequent in patients with SPMS, ICLs were
observed from the early disease stages and may deﬁne disease
prognosis.
In the present study, the image contrast measurements
between the MS lesions and the NAWM in all anatomical
locations were signiﬁcantly higher in the DIR sequence com-
pared to the T2W and FLAIR sequences. However, there
was no statistically signiﬁcant difference between the DIR
sequence and both T2WI and FLAIR sequences regarding
the contrast of ICLs compared to NAWM.
With DIR imaging, the NAWM and CSF signals are com-
pletely suppressed, leading to better delineation of the MS
lesions. This high image contrast measurement in the DIR
sequence led to detection of higher number of MS lesions in
all anatomical locations, as compared to the T2W and FLAIR
sequences. Similar statistically signiﬁcant higher image
contrast ratios of DIR compared to the FLAIR and T2W
sequences regarding cortical and WM lesions were reported
in the literature (10,20,22).
Also there is slight attenuation of the signal of cerebral cor-
tex in the DIR sequences which helps in better distinction
between pure cortical and juxtacortical lesions (20,23–25).
Declan Chard (27) reported that there is no ﬁrm evidence to
support the use of DIR as part of routine MRI monitoring of
people with MS, beyond research studies and possibly in treat-
ment trials, but he concluded that DIR still has clinical values;
it may ﬁnd a role in improving the speciﬁcity of MS MRI diag-
nostic criteria or in unusual situations where there is a high
index of suspicion that acute symptoms are due to new cortical
lesion formation. For these reasons as well as our results we
should encourage the routine use of DIR in MS patients.
Some artifacts can be seen in DIR images, including areas
of high signal intensity at the posterior fossa, choroid plexus,
periventricular WM, and periaqueductal brainstem tissue,
probably as a result of transependymal CSF effusion (20).
Other artifacts could be identiﬁed as ribbon-like hyperintensi-
ties often located in extra-cortical regions; they are bilateral or
symmetrical, and their shapes change in contiguous sections,
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phase direction (1).
Also there are regional variations inGM signal intensities on
the DIR images, being higher in the cortical structures in the
limbic lobe and lowest in the cortex along the central sulcus (26).
We acknowledge the study limitations including the limited
number of patients and the inclusion of only the remitting
relapsing type of MS, but statistical analysis in this work
was based on total number of lesions which was considered
sufﬁcient.
6. Conclusion
DIR sequence is valuable in the imaging workup of MS as it
can detect more MS lesions compared to the T2W and FLAIR
sequences, in all anatomical locations. DIR showed better
delineation between the WM, GM, and the MS lesions due
to its high image contrast measurements. DIR sequence should
be included in the routine MR protocols of MS patients espe-
cially to answer the question about intra-cortical and juxta-
cortical MS lesions.
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